Enterococci were detected occasionally in 100 L samples of water abstracted from a shallow aquifer in a natural dune infiltration area for drinking water production. Enterococcus moraviensis was the species most frequently identified in these samples. Because there are no existing reports of faecal sources of E. moraviensis and the closely related E. hemoperoxidus, this study aimed to find such sources of these two species in the dunes. Faecal samples from various animal species living in the vicinity of abstraction wells, were analysed for enterococci on Slanetz and Bartley Agar. From these samples, enterococci isolates (1,386 in total) were subsequently identified using matrix assisted laser desorption ionizationtime of flight (MALDI-TOF) mass spectrometry. E. moraviensis was found in the faeces of geese, foxes and rabbits. Also, E. haemoperoxidus was isolated from goose faeces. Using hierarchical clustering, the species composition of Enterococcus spp. isolated from abstracted water formed one cluster with the species composition found in geese droppings. A sanitary survey supported the indication that feral geese may provide a substantial faecal load in particular parts of this dune infiltration area, close to the water abstraction system. This study confirms the faecal origin of E. moraviensis and E. haemoperoxidus from specific animals, which strengthens their significance as faecal indicators.
.
Preparation of faecal samples and isolation method
Faecal samples were collected in a sterile plastic jar and analysed within 24 hours after collection. Each sample was divided into two parts using two sterile forceps, with the inner part taken for the analysis in order to exclude contamination from other sources (sand, grass, etc.) . An amount of 0.5 g of faecal material was placed in a sterile container with 3 mm glass beads (Boom, The Netherlands) and suspended using 9 ml of sterile drinking water. Dilution series (10 À1 -10 À5 ) were then prepared. 
Hierarchical clustering
From the unprocessed measurements, seven Enterococcus species were selected. These were all observed in the water samples and in at least one of the faecal samples. Bacterial species that were unique to one of the animal classes or the water class were discarded since they do not convey information concerning the animal class of origin in the water samples. The rabbit measurements were also discarded, since we had only two Enterococcus species. Since determining the number and bacterial species for all animal and water samples is labour intensive and expensive, not all Enterococcus colonies were identified at species level. In this experiment, we assumed that the samples from the same class were independent and originated from the same underlying distribution. To improve numerical granularity and statistical power, the empirical bootstrap was used. For the smaller classes (the animal classes), all possible combinations were made using half of the number of samples per combination. For the larger water class, 10 5 random permutations were drawn using half the number of water samples for each permutation. The probability of drawing the same combination twice is practically zero.
All combinations and permutations were averaged and normalized, such that the sum over all seven Enterococcus species for all combinations and permutations equals one.
Referring to the combinations and permutations as our bootstrap dataset, this is a seven-dimensional dataset (seven dendrogram was generated using MATLAB (version 7.10).
Simpson's index (D)
As a measure for the diversity of Enterococcus species within animal hosts, Simpson's index D was calculated using the formula D ¼ Σ n(n À 1)/N(N ¼ 1), where n ¼ the total number of enterococci of a particular species and N ¼ the total number of enterococci of all species (Simpson ) .
Faecal load contributed by feral geese
During the sanitary survey in the Castricum infiltration area, faecal sources in the vicinity of abstraction wells were recorded. Because it was observed that the number of geese and geese droppings in particular parts of this area were much higher than those of and from other animal hosts, the faecal load of geese was estimated. Higher numbers of E. moraviensis and E. faecalis isolates were found in water samples and in geese droppings.
Moreover, species distributions in water samples and geese droppings were similar. Seven species isolated from water samples corresponded with species found in droppings from geese; this is higher than the number of corresponding species in other animal hosts. In order to verify these similarities, statistical methods were applied.
As shown in Figure 1 To enumerate enterococci in different animal hosts, the average total number of enterococci (cfu/g) in faecal samples was calculated for each host species (Figure 2) .
Higher numbers were observed in omnivores (dogs 1.6 × 10 6 /g, humans 7.7 × 10 5 /g and red foxes 4.4 × 10 5 /g) and geese (3.1 × 10 5 /g), whereas lower numbers were observed in herbivorous mammals: sheep (1.3 × 10 3 /g), rabbits
(2.1 × 10 2 /g) and highland cattle (2.9 × 10 1 /g).
Faecal load contributed by the geese population
During a sanitary survey in the vicinity of abstraction wells, it was observed that, in a particular area of the dune filtration area, numbers of geese droppings were much higher than those from other animal hosts. In recent years, a distinct increase in the feral geese population has occurred near these abstraction wells, especially in the period March-June. Therefore, that population was considered to have made a substantial contribution to the faecal load in particular parts of the area. On average, the amount of enterococci isolated from geese droppings (n ¼ 20) was 3.48 × 10 5 cfu/g.
The faecal loads for enterococci at two locations (A and B)
were almost the same: 1.9 × 10 7 cfu/m 2 and 1.8 × 10 7 cfu/m 2 respectively (as shown in Table 3 ). Due to the absence of geese in other parts in the dune area, the faecal load from these birds is believed to be much lower in those areas.
The same is true for other animals, with their droppings much less frequently present in the vicinity of the abstraction wells. Because the same two species were also those most frequently represented (53%) in geese droppings, which were 
DISCUSSION

